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Description 

The invention relates to an apparatus for projecting 
a pattern of a maskon a substrate, which apparatus suc- 
cessively comprises an illumination system for supply- 
ing a projection beam, a mask holder, a projection lens 
system and a substrate holder and which further com- 
prises a device for aligning the mask with respect to the 
substrate by means of a substrate alignment mark and 
a mask alignment mark, said device comprising a radi- 
ation source supplying an alignment beam, the projec- 
tion lens system and a radiation-sensitive detection sys- 
tem in the path of selected alignment beam portions 
which have been in interaction with a first alignment 
mark, including a mask alignment mark or a substrate 
alignment mark, and a second alignment mark, includ- 
ing a substrate alignment mark or a mask alignment 
mark on which second alignment mark the first align- 
ment mark is imaged, the output signal of the detection 
system being a measure of the mutual position of the 
alignment marks. 

Aligning a mask mark and a substrate mark with re- 
spect to each other is understood to mean both directly 
and indirectly aligning these alignment marks. In the 
case of direct alignment, a mask alignment mark or a 
substrate alignment mark is projected on the other mark, 
i.e. the substrate alignment mark or the mask alignment 
mark, and the radiation-sensitive detection system is ar- 
ranged behind said other alignment mark. In the case 
of indirect alignment, both the substrate alignment mark 
and the mask alignment mark are projected on different 
parts of a further alignment mark, while the radiation- 
sensitive detection system is arranged behind this fur- 
ther alignment mark. The extent to which the substrate 
alignment mark and the mask alignment mark are 
aligned with respect to each other is determined by de- 
tecting to what extent the substrate and mask alignment 
marks are aligned with respect to the further alignment 
mark. 

The selected alignment beam portions are those 
portions of the alignment beam which are effectively 
used to project the first alignment mark on the second 
alignment mark. If the alignment marks are diffraction 
gratings, the selected alignment beam portions are pref- 
erably the + t order and -1 order sub-beams formed 
from the alignment beam by the first alignment mark. 
Alternatively, for example, also the +3 order and -3 order 
or higher order sub-beams may be used. When other 
alignment marks are used, the selected beam portions 
are of a different type. An example is the so-called dark 
field illumination of the first alignment mark in which the 
zero-order sub-beam of the radiation from this mark is 
suppressed and in which no separate orders can be dis- 
tinguished in the beam portions located at both sides of 
this sub-beam. 

An apparatus of the type mentioned above is de- 
scribed in United States Patent no. 4,778,275 which re- 
lates to an apparatus for repetitive and reduced projec- 


tion of a mask pattern, for example, the pattern of an 
integrated circuit (IC) on one and the same substrate, 
the mask pattern and the substrate being moved with 
respect to each other between two successive illumina- 
5 tions, for example, along two mutually perpendicular di- 
rections in a plane parallel to the substrate plane and 
the mask plane. 

Integrated circuits are manufactured by means of 
diffusion and masking techniques. A number of masks 

io with different mask patterns are consecutively projected 
on one and the same location on a semiconductor sub- 
strate. Between the consecutive projections on the 
same locations the substrate must undergo the desired 
physical and chemical changes. To this end the sub- 

15 strate must be removed from the apparatus after it has 
been illuminated with a mask pattern, and after it has 
undergone the desired process steps it must be placed 
in the apparatus again in the same position so as to il- 
luminate it with a second mask pattern, and so forth, 

20 while it must be ensured that the projections of the sec- 
ond mask pattern and of the subsequent mask patterns 
are positioned accurately with respect to the substrate. 

Diffusion and masking techniques can also be used 
in the manufacture of other structures having detailed 

25 dimensions of the order of micrometers, for example, 
structures of integrated optical systems or guiding and 
detection patterns of magnetic domain memories and 
structures of liquid crystal display panels. Also in the 
manufacture of these structures the projections of mask 

30 patterns must be aligned very accurately with respect to 
a substrate. 

In view of the large number of electronic compo- 
nents per unit of surface area of the substrate and the 
resultant small dimensions of these components, in- 

36 creasingly stricter requirements are imposed on the ac- 
curacy with which the integrated circuits are manufac- 
tured. The position where the consecutive masks are 
projected on the substrate must therefore be estab- 
lished more and more accurately. 

40 In order to be able to realise the desired, very pre- 
cise positioning accuracy, within several tenths of one 
micrometer in the apparatus according to United States 
Patent no. 4,778,275, of the projection of the mask pat- 
tern with respect to the substrate, this apparatus com- 

45 prises a device for aligning the substrate with respect to 
the mask pattern with which an alignment mark provided 
in the substrate is imaged on an alignment mark provid- 
ed in the mask. If the image of the substrate alignment 
mark accurately coincides with the mask alignment 

so mark, the substrate is correctly aligned with respect to 
the mask pattern. The main element for imaging the sub- 
strate mark on the mask mark is constituted by the pro- 
jection lens system, or imaging system with which the 
mask pattern is imaged on the substrate. 

55 it has been found that the alignment device accord- 
ing to United States Patent 4,778,275 principally oper- 
ates in a satisfactory manner, but that hitherto inexpli- 
cable alignment errors occur under certain circumstanc- 
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es. 

The present invention relates to the discovery of the 
cause of these alignment errors and has for its object to 
provide an apparatus in which these errors are eliminat- 
ed. 5 

The apparatus according to the invention is charac- 
terized in that in order to prevent phase differences due 
to reflections at a mask plate from occurring within the 
selected alignment beam portions received by the de- 
tection system a direction corrective element is ar- io 
ranged in the radiation path of the selected alignment 
beam portions, for changing the direction of the axis of 
symmetry of selected alignment beamportions so that 
this axis becomes principally perpendicular to the plane 
of the mask plate, said direction corrective element be- is 
ing considerably smaller then the cross-section of the 
projection beam in the plane of said plate. 

The invention is based on the discovery that if, for 
example in the case that a substrate alignment mark is 
projected on a mask alignment mark, and the alignment 20 
marks are diffraction gratings while + 1 order and -1 or- 
der alignment beam portions formed by the substrate 
alignment mark are used for the projection, the axis of 
symmetry of these alignment beam portions is not per- 
pendicular to the mask plate extra phase differences 2s 
and hence extra intensity variations, which are inde- 
pendent of the alignment, may be produced in the radi- 
ation which is received by the detection system, with the 
result that the alignment error signal obtained is no long- 
er correct. These extra intensity variations are produced 30 
because portions of the double order sub-beams, hence 
sub-beams which are diffracted both by the substrate 
alignment mark and by the mask alignment mark, are 
once more reflected by a mask plate surface towards 
the mask alignment mark and are subsequently reflect- 3S 
ed by this mark and diffracted in the direction of the dou- 
ble order sub-beams. These portions, which may be 
designated as three-fold order sub-beams, traverse dif- 
ferent path lengths in the mask plate and exhibit a mu- 
tual phase difference at the location of the detection sys- 40 
tern so that they influence the output signal of this de- 
tection system. 

Also in alignment devices in which the beam por- 
tions reflected in the mask plate are not again incident 
on the mask alignment mark, or in which marks other 4S 
than diffraction gratings are used as alignment marks, 
the above-mentioned phase difference and hence an er- 
roneous alignment signal may be produced. 

Since the above-mentioned phase difference is de- 
pendent on the thickness of the mask plate, the align- so 
ment of a first mask plate with respect to a substrate will 
differ from the alignment of a second mask plate with 
respect to the same substrate when using mask plates 
of different thicknesses in one and the same apparatus. 

The extent to which said phase difference leads to ss 
an alignment error is dependent on the reflection coef- 
ficient of the mask plate, so that the use, in one and the 
same apparatus, of mask plates having different reflec- 
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tion coefficients in turn leads to a difference between the 
alignment of a first mask plate and that of a second mask 
plate with respect to the same substrate. 

Finally said phase difference is dependent on the 
angle between the normal on the mask plate and the 
axis of symmetry of the alignment beam portions, which 
angle may differ from apparatus to apparatus. When 
several apparatuses are used for consecutive process 
steps of one and the same substrate, the alignment of 
the substrate with respect to a mask may differ, even if 
the mask plates used have the same thickness and re- 
flection coefficient. The differences in the extent of align- 
ment could then be corrected in the apparatuses them- 
selves. However, such a correction is principally impos- 
sible if the mask plates used have different thicknesses 
and/or reflection coefficients. 

The axis of symmetry of the alignment beam por- 
tions is an imaginary axis and not a physical axis. If the 
sub-beams of the alignment beam diffracted in the +1 
order and the -1 order by the first alignment mark are 
directed onto the second alignment mark, this axis is lo- 
cated symmetrically with respect to the principal axes of 
the two first-order sub-beams and coincides, for exam- 
ple, with the principal ray of the fictitious zero-order sub- 
beam which does not take part in the projection. 

After the effect of the phase difference due to the 
internal reflections has been discovered, it can be pre- 
vented with fairly simple means as proposed in the 
present invention. 

It is true that portions of the double order sub-beams 
may once more be reflected towards the second align- 
ment mark so that three-fold order sub-beams deflected 
in opposite directions are produced. However, the de- 
flection element ensures that the last-mentioned sub- 
beams traverse the same path lengths in the plate of the 
second alignment mark so that no extra phase differenc- 
es occur between these sub-beams. 

The perpendicular directing of the axis of symmetry 
is understood to mean that the beam portions them- 
selves, for example, the beam portions diffracted in the 
+1 order and the -1 order by the first alignment mark are 
directed in such a way that the axis of symmetry of these 
portions, corresponding to the chief ray of the fictitious 
zero-order sub-beam, is perpendicular to the second 
alignment mark. 

The deflection element is arranged as close as pos- 
sible to the mask alignment mark so that the narrow 
beam portions overlap each other satisfactorily at said 
mark and consequently the surface of this element may 
be small. This element will not affect the projection 
beam. Moreover, the deflection element is only to realise 
a relatively small direction correction so that it only 
needs to have a small thickness. Consequently, it is not 
necessary to impose strict requirements on the mechan- 
ical and thermal stability of this element. 

In accordance with a further characteristic feature, 
the deflection element is constituted by a wedge-shaped 
body of a material which is transparent to the alignment 
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beam. 

Other deflection elements such as, for example, a 
mirror may be used instead of a wedge-shaped element. 
However, the requirements of stability to be imposed on 
such a mirror must be stricter than those imposed on s 
the stability of a wedge-shaped element. 

As described in United States Patent no. 4,778,275 
an apparatus for imaging a mask pattern on a substrate 
preferably comprises, in addition to said device for align- 
ing a first mask alignment mark with respect to a sub- 
strate alignment mark, a second analog device for align- 
ing a second mask alignment mark with respect to a sub- 
strate alignment mark by means of a second alignment 
beam. The relative angle orientation of the mask pattern 
and the substrate can then be established directly and 
optically and the magnification with which the projection 
lens system images the mask pattern on the substrate 
can be determined. Such an apparatus in which the in- 
vention is used is characterized in that a second radia- 
tion deflection element is arranged in the path of the sec- 
ond alignment beam and in the vicinity of a second mask 
alignment mark. 

Due to the growing demand for more electronic 
components per unit of surface area of the substrate, 
hence for smaller dimensions of these components, 
there is a greater need for an apparatus which can make 
images whose line widths are considerably smaller than 
1 jim, for example, of the order of 0.2 to 0.3 micrometers. 
Use is then preferably made of a projection beam whose 
wavelength is in the far ultraviolet range. Such a projec- 
tion beam can be supplied by an excimer laser, for ex- 
ample, a krypton-fluoride laser having a wavelength of 
248 nm, an argon-fluoride laser having a wavelength of 
193 nm, or an Nd-YAG laser whose frequency is quad- 
rupled and which has a wavelength of 256 nm. 

As has been noted in United States Patent no. 
4,778,275 a helium-neon laser beam with a wavelength 
of 633 nm is preferably used as an alignment beam, be- 
cause such a beam cannot cause any change in the 
photoresist provided on the substrate and because it is 
not weakened by this photoresist. The projection lens 
system is optimally corrected for the projection beam 
wavelength and may form a sharp image of the mask 
pattern on the substrate. However, due to the different 
wavelength of the alignment beam the substrate mark 
and the mask mark cannot be sharply imaged on each 
other by this beam and the projection lens system. The 
sharp image of a substrate alignment mark formed by 
the projection lens system is located at some distance 
from the associated mask alignment mark. The result is 
that the alignment signal, which is derived from the sig- 
nals of the radiation-sensitive detection system, is no 
longer determined by alignment errors only but is also 
influenced by, for example, tilting of the substrate or by 
instabilities of the alignment beam. When displacing a 
substrate alignment mark with respect to a mask align- 
ment mark in such a way that the alignment signal has 
the desired value, an alignment error may then subsist. 


In order to achieve that a substrate alignment mark 
is nevertheless sharply imaged on a mask alignment 
mark inspite of the non-optimum wavelength of the 
alignment beam for the projection lens system, the ap- 
paratus is preferably further characterized in that a re- 
fractive correction element is arranged in the path of an 
alignment beam and in the projection lens system, 
which element is considerably smaller than the cross- 
section of the projection lens system in the plane of said 
element and which only directs and focuses the selected 
alignment beam portions from the first alignment mark 
on the second alignment mark. 

The refractive correction element is arranged at 
such a height in the projection lens system that the sub- 
beams of the different diffraction orders of an alignment 
beam, which sub-beams are formed by a first alignment 
mark, are sufficiently separated in the plane of the cor- 
rection element so that these sub-beams can be sepa- 
rately influenced, and that this correction element has a 
negligible influence on the projection beam and the 
mask image formed thereby. Under circumstances the 
correction element may be opaque to the projection 
beam. This prevents this element from causing phase 
differences in the projection beam. 

A preferred embodiment of the apparatus is char- 
acterized in that the correction element is arranged in 
the Fourier plane of the projection lens system. 

The projection lens is a composite lens system hav- 
ing a large number of lens elements which may be con- 
sidered to be arranged in a first group of lenses and in 
a second group of lenses. The Fourier plane is present 
between these two groups of lenses. The first lens group 
forms a so-called Fourier transform of an object, in this 
case an alignment mark, while the second lens group 
retransforms this Fourier transform into an image of the 
object. The various diffraction orders of the alignment 
beam which are formed by the object are focused and 
separated from one another in the Fourier plane. 

Since the correction element is a refractive element, 
which influences the direction of the rays passing there- 
through and thus directly displaces the position of the 
point at which these rays are combined, this correction 
element in itself is already very effective. Moreover, 
since the refractive correction element is arranged at a 
relatively large distance from the second alignment 
mark, its effectiveness is considerably increased. The 
optical power of this element can therefore remain lim- 
ited so that it is relatively insensitive to mechanical and 
thermal instabilities. 

An additional advantage of the refractive correction 
element is that this element operates as a spatial filter 
for the selected diffraction orders because it deflects on- 
ly the portions of the alignment beam to the second 
alignment mark that are diffracted in the selected diffrac- 
tion orders. As a result, known advantages are obtained 
without having to arrange a separate order filter in the 
radiation path, as in known devices. Said advantages 
are: the contrast with which the first alignment mark is 
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imaged on the second alignment mark is increased, 
possible irregularities in the first alignment mark do not 
have any influence on the alignment signal obtained and 
the accuracy with which the two marks are aligned with 
respect to each other is twice as large as in the case of 
using also the zero-order sub-beam of the alignment 
beam for the imaging. 

The refractive correction element may have various 
shapes and may consist of, for example, a double opti- 
cal wedge. 

A preferred embodiment of the apparatus is char- 
acterized in that the refractive correction element is a 
lens. 

With such a correction lens it is not only possible to 
correct the position of the focus point but also the mag- 
nification with which a substrate alignment mark is im- 
aged can be corrected for the greater part. 

There are various embodiments of the apparatus 
according to the invention, which embodiments are dis- 
tinguished from one another in the way in which the sub- 
strate alignment mark and the mask alignment mark are 
imaged on each other and possibly on a reference align- 
ment mark. 

A first embodiment is characterized in that the first 
alignment mark is a substrate alignment mark and the 
second alignment mark is a mask alignment mark, and 
in that the radiation deflection element is arranged in the 
path of the alignment radiation coming from the sub- 
strate alignment mark. 

A second embodiment is characterized in that the 
first alignment mark is a mask alignment mark and the 
second alignment mark is a substrate alignment mark, 
and in that the radiation deflection element is arranged 
in the path of the alignment radiation coming from the 
mask alignment mark. 

A third embodiment is characterized in that the sec- 
ond alignment mark is a reference alignment mark 
which is located outside the substrate and outside the 
mask, and in that both a substrate alignment mark and 
a mask alignment mark constitute first alignment marks 
which are each imaged on the reference alignment 
mark. 

A fourth embodiment is characterized in that the ra- 
diation source of the alignment device supplies two ra- 
diation beams which form an interference pattern in the 
plane of a substrate alignment mark and in the plane of 
a mask alignment mark, in that the first alignment mark 
is constituted by the interference pattern and in that both 
the substrate alignment mark and the mask alignment 
mark are second alignment marks. 

A preferred embodiment of the apparatus is further 
characterized in that a substrate alignment mark is con- 
stituted by a phase diffraction grating and a mask align- 
ment mark is constituted by an amplitude diffraction 
grating. 

As described in United States Patent no. 4,251 , 1 60, 
periodical gratings as compared with other alignment 
marks such as, for example, square marks or perpen- 


dicularly intersecting strips have the advantage that 
when measuring position errors, averaging over the 
gratings occurs. As a result it is possible to align accu- 
rately, even if the gratings have irregularities such as 

s deviations from the nominal width of the grating strips 
and/or, in the case of profile gratings, deviations from 
the nominal profile of the grating grooves. The substrate 
gratings are only to be provided once for the entire man- 
ufacturing cycle of an integrated circuit and need not be 

io provided in each newly provided layer. As compared 
with amplitude gratings, phase gratings on the substrate 
have the advantage that they remain well "visible 0 . 
Moreover, the phase gratings are well resistant to the 
large number of diffusion processes to which the sub- 
is strate must be subjected during the manufacture of in- 
tegrated circuits. 

By combining grating-shaped alignment marks and 
filtering the selected order sub-beams, it is achieved that 
the alignment signal is not influenced by higher order 

20 deviations of the grating shapes. 

The preferred embodiment of the apparatus ac- 
cording to the invention may be further characterized in 
that means controlled by periodical signals are arranged 
in the radiation path of an alignment beam for periodi- 

2S cally displacing with respect to each other a second 
alignment mark and the image on this mark of a first 
alignment mark observed by the detection system. In 
the case of grating marks the displacement is of the or- 
der of half a period of the second alignment mark. 

30 Said means may be constituted by a drive member 
for the second alignment mark so that this alignment 
mark is periodically moved, or by a polarization modu- 
lator in combination with polarization -sensitive elements 
which ensure that the image of the first alignment mark 

35 is effectively oscillated across a second alignment mark. 
By periodically displacing the image of the first mark ob- 
served by the detection system with respect to the sec- 
ond mark, a dynamic alignment signal is obtained and 
the accuracy and sensitivity of the apparatus are con- 

40 siderably improved. The latter is important if the sub- 
strate alignment marks only reflect weakly. 

Embodiments of the invention will now be described 
in greater detail with reference to the accompanying 
drawings in which 

45 

Fig. 1 shows an embodiment of an apparatus for 
repetitive imaging of a mask pattern on a substrate, 
Fig. 2 shows a known embodiment of an alignment 
mark in the form of a two-dimensional grating, 
50 Fig. 3 shows a first embodiment of an apparatus ac- 
cording to the invention comprising two alignment 
devices, 

Fig. 4 shows the path of the alignment radiation 
through the mask plate, 
55 Fig. 5 shows this path when reflections occur on this 
plate, 

Fig. 6 shows the path of the alignment radiation 
through the mask plate in a device according to the 
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invention, 

Fig. 7 shows an embodiment of such a device, 
Fig. 8 shows the operation of a correction lens 
which can be used in this device, and 
Figs. 9, 10 and 11 show second, third and fourth 
embodiments of an alignment device according to 
the invention. 

Fig. 1 shows an embodiment of an apparatus for 
repetitive imaging of a mask pattern on a substrate. The 
main components of this apparatus are a projection col- 
umn, in which a mask pattern C to be imaged is arranged 
and a movable substrate table WT with which the sub- 
strate can be positioned with respect to the mask pattern 
C. 

The projection column incorporates an illumination 
system which comprises, for example, a laser LA, for 
example a krypton-fluoride laser, a lens system LS, a 
mirror RE and a condensor lens CO. The projection 
beam PB illuminates the mask pattern C present in the 
mask MA which is arranged on a mask table MT 

The beam PB passing through the mask pattern C 
traverses a projection lens system PL arranged in the 
projection column and shown only diagrammatically, 
which system forms an image of the pattern C on the 
substrate W. The projection lens system has, for exam- 
ple a magnification M = 1/5, a numerical aperture N.A. 
= 0.48 and a diffraction-limited image field with a diam- 
eter of 21 .2 mm. 

The substrate W is arranged on a substrate table 
WT supported in, for example, air bearings. The projec- 
tion lens system PL and the substrate table WT are ar- 
ranged in a housing HO which is closed at its lower side 
by a base plate BP of, for example granite and at its 
upper side by the mask table MT. 

As is shown in the top right-hand corner in Fig. 1, 
the mask MA has two alignment marks M 1 and M 2 . 
These marks preferably consist of diffraction gratings, 
but they may be alternatively formed by other marks 
such as squares or strips which are optically distin- 
guished from their surroundings. The alignment marks 
are preferably two-dimensional, i.e. they extend in two 
mutually perpendicular directions, the X and Y direc- 
tions in Fig. 1 . The substrate W, for example, a semi- 
conductor substrate on which the pattern C must be pro- 
jected side by side for a number of times, comprises a 
plurality of alignment marks, preferably also two-dimen- 
sional diffraction gratings, two of which, P A and P 2 are 
shown in Fig. 1 . The marks P-, and P 2 are located out- 
side the regions on the substrate W where the projec- 
tions of the pattern C must be formed. Preferably, the 
grating marks P A and P 2 are in the form of phase grat- 
ings and the grating marks M-, and M 2 are in the form of 
amplitude gratings. 

Fig. 2 shows an embodiment of one of the two iden- 
tical substrate phase gratings on a larger scale. Such a 
grating may comprise four sub-gratings P ., a , P 1 b> P 1 c 
and P 1 d , two of which, P^ b and P, d , are used for align- 


10 

ment in the X direction and the two other sub-gratings, 
P A a and P 1pC , are used for alignment in the Y direction. 
The two sub-gratings P n b and P., c have a grating period 
of, for example, 16 ujti and the sub-gratings P A a and 
5 P., d have a grating period of, for example, 17.6 u,m. 
Each sub-grating may have a dimension of, for example, 
200 x 200 ujti. An alignment accuracy which in principle 
is less than 0. 1 jim can be achieved with these gratings 
and a suitable optical system. The different grating pe- 

io. riods have been chosen so as to increase the capture 
range of the alignment device. 

Fig. 1 shows a first embodiment of an alignment de- 
vice, namely a double alignment device in which two 
alignment beams b and b* are used for aligning the sub- 

is strate alignment mark P 2 on the mask alignment mark 
M 2 , and the substrate alignment mark P-, on the mask 
alignment mark M v The beam b is reflected to the re- 
flective surface 27 of a prism 26 by means of a reflecting 
element 30, for example, a mirror. The surface 27 re- 

20 fleets the beam b to the substrate alignment mark P 2 
which sends a part of the radiation as beam b-, to the 
associated mask alignment mark M 2 where an image of 
the mark P 2 is formed. A reflecting element 11, for ex- 
ample a prism which directs the radiation passed by the 

25 mark M 2 to a radiation-sensitive detector 1 3 is arranged 
above the mark M 2 . 

The second alignment beam b' is reflected to a re- 
flector 29 in the projection lens system PL by a mirror 
31 . This reflector 29 sends the beam b' to a second re- 

30 fleeting surface 28 of the prism 26, which surface directs 
the beam b' on the substrate alignment mark P 1 . This 
mark reflects a part of the radiation of the beam b' as 
beam b-,' to the mask alignment mark where an im- 
age of the mark P^ is formed. The radiation of the beam 

35 passing through the mark M 1 is directed towards a 
radiation-sensitive detector 13' by a reflector 1V. 

The operation of the double alignment device will 
be further described with reference to Fig. 3 showing a 
further embodiment of such a device. 

40 The projection apparatus further comprises a focus 
error detection system for determining a deviation be- 
tween the focal plane of the projection lens system PL 
and the surface of the substrate W so that this deviation 
can be corrected, for example, by moving the projection 

45 lens system along its axis. This system may be consti- 
tuted by the elements 40, 41 , 42, 43, 44, 45 and 46 which 
are arranged in a holder (not shown) which is fixedly 
connected to the projection lens system. The reference 
numeral 40 denotes a radiation source, for example, a 

50 diode laser which emits a focusing beam b 3 . This beam 
is directed onto the substrate at a very small angle by a 
reflecting prism 42. The beam reflected by the substrate 
is directed towards a retro-reflector 44 by the prism 43. 
The element 44 reflects the beam in itself so that this 

55 beam (b 3 ') once more traverses the same path through 
reflections on the prism 43, the substrate W and the 
prism 42. The beam b 3 ' reaches a radiation-sensitive 
detection system 46 via a partly reflecting element 41 a 
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reflecting element 45. This detection system comprises, 
for example, a position-dependent detector or two sep- 
arate detectors. The position of the radiation spot 
formed by the beam b 3 ' on this system is dependent on 
the extent to which the focal plane of the projection lens 
system coincides with the plane of the substrate W. For 
an extensive description of the focus error detection sys- 
tem reference is made to US Patent no. 4,356,392. 

In order to determine the X and Y positions of the 
substrate table WT very accurately, the projection ap- 
paratus comprises a multiple axis interferometer sys- 
tem, of which only a single axis sub-system is diagram- 
matically shown in Fig. 1 by means of a radiation source 

50 in the form of a laser, a beam splitter 51 , a fixedly 
arranged reflecting element 52 and a detection system 
53. The beam b 4 emitted by the source 50 is split by the 
beam splitter into a measuring beam b 4 m and a refer- 
ence beam b 4 r . The measuring beam reaches a reflect- 
ing side face of the substrate table and the beam splitter 

51 combines the reflected measuring beam with the ref- 
erence beam reflected by the reflecting element 52 so 
as to form an interference pattern at the location of the 
detection system 53. The composite interferometer sys- 
tem may be implemented as described in US Patent 
4,251,160 and then it operates with two beams. Instead 
of this so-called two-axis interferometer system, a three- 
axis system as described in US Patent 4,737,823 can 
be used. 

By using the substrate table position detection de- 
vice in the form of an interferometer system. During 
alignment the positions of, and the mutual distances be- 
tween the alignment marks P 1 and P 2 and M-, and M 2 
can be related to a system of coordinates defined by 
said the interferometer system. It is then not necessary 
to refer to a frame of the projection apparatus or to a 
component of this frame, so that variations in this frame 
due to, for example, temperature variations, mechanical 
creep and the like do not have any influence on the 
measurements. 

Fig. 3 shows the principle of the double alignment 
device with reference to an embodiment which is distin- 
guished from that in Fig. 1 by the different manner of 
coupling the alignment beams b and b' into the projec- 
tion lens system. The apparatus comprises two sepa- 
rate and identical alignment systems AS., and AS 2 which 
are positioned symmetrically with respect to the optical 
axis AA' of the projection lens system PL. The alignment 
system AS 1 is associated with the mask alignment mark 
M 2 and the alignment system AS 2 is associated with the 
mask alignment mark M v The corresponding elements 
of the two alignment systems are denoted by the same 
reference numerals, those of the system AS 2 being dis- 
tinguished from those of the system AS., by their primed 
notation. 

The structure of the system AS-, as well as the way 
in which the mutual position of the mask mark Iv^ and, 
for example, the substrate mark P 2 is determined will 
now be described. 
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The alignment system AS 1 comprises a radiation 
source 1 , for example, a helium-neon laser which emits 
an alignment beam b. This beam is reflected towards 
the substrate W by a beam splitter 2. The beam splitter 
5 may be a partially transparent mirror or a partially trans- 
parent prism, but it is preferably a polarization-sensitive 
splitting prism which is succeeded by a A/4 plate 3 in 
which X is the wavelength of the beam b. The projection 
lens system PL focuses the beam b to a small radiation 

10 spot V having a diameter of the order of 1 mm on the 
substrate W. This substrate reflects a part of the beam 
as beam b., in the direction of the mask M. The beam b., 
traverses the projection lens system PL, which system 
images the radiation spot V on the mask. Before the sub- 

is strate is arranged in the illumination apparatus, it has 
been prealigned in a prealigning station coupled to the 
apparatus, for example, the station described in Euro- 
pean Patent Application no. 0,164,165, so that the radi- 
ation spot V is located on the substrate mark P 2 . This 

20 mark is then imaged by the beam b., on the mask mark 
' M 2 . Taking the magnification M of the projection lens 
system into account, the dimension of the mask mark 
M 2 is adapted to that of the substrate mark P 2 so that 
the image of the mark P 2 accurately coincides with the 

25 mark M 2 if the two marks are mutually positioned in the 
correct manner. 

On its path to and from the substrate W the beam 
b and b-, has traversed twice the A/4 plate 3 whose op- 
tical axis extends at an angle of 45° to the direction of 

30 polarization of the linearly polarized beam b coming 
from the source 1 . The beam b 1 passing through the A/ 
4 plate then has a direction of polarization which is ro- 
tated 90° with respect to the beam b, so that the beam 
b 1 is passed by the polarization splitting prism 2. The 

35 use of the polarization splitting prism in combination with 
the A/4 plate provides the advantage of a minimum ra- 
diation loss when coupling the alignment beam into the 
radiation path of the alignment system. 

The beam b-, passed by the alignment mark M 2 is 

40 reflected by a prism 11 and directed, for example, by a 
further reflecting prism 12 towards a radiation -sensitive 
detector 13. This detector is, for example, a composite 
photodiode having, for example, four separate radia- 
tion-sensitive areas in conformity with the number of 

45 sub-gratings according to Fig. 2. The output signals of 
these detectors are a measure of the coincidence of the 
mark M 2 with the image of the substrate mark P 2 . These 
signals may be processed electronically and used for 
moving the mask with respect to the substrate by means 

50 of driving systems (not shown) so that the image of the 
mark P 2 coincides with the mark Iv^. Thus, an automatic 
alignment device is obtained. 

A beam splitter 1 4 in the form of, for example, a par- 
tially transparent prism may be arranged between the 

55 prism 11 and the detector 13, which beam splitter splits 
a part of the beam b-, as beam b 2 . The split beam b 2 is 
then incident via, for example, two lenses 15 and 16 on 
a television camera 17 which is coupled to a monitor 
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(not shown) on which the alignment marks P 2 and M 2 
are visible to an operator of the illumination apparatus. 
This operator can then ascertain whether the two marks 
coincide and, if necessary, he may move the substrate 
W by means of manipulators so as to cause the marks 
to coincide. 

Analogously as described hereinbefore for the 
marks M 2 and P 2 , the marks Iv^ and P 2 and the marks 
M-, and P 1t respectively, can be aligned with respect to 
each other. The alignment system AS 2 is used for the 
two last-mentioned alignments. 

For details about the alignment procedure by 
means of the alignment systems reference is made to 
United States Patent no. 4,778,275. 

The alignment marks P A and P 2 in the form of grat- 
ings, or other diffraction elements split the alignment 
beams incident thereon into a non-deflected zero-order 
sub-beam and a plurality of (deflected) first -order and 
higher order sub-beams. Of these sub-beams only 
those having the same order number, preferably the 
first-order sub-beams, are selected in the alignment de- 
vice so as to image a substrate alignment mark on a 
mask alignment mark. The sub-beams incident on a 
mask alignment mark are split into different diffraction 
orders by this mark so that a plurality of sub-beams of 
double diffraction orders is produced which are directed 
towards the associated radiation-sensitive detection 
system 1 3 or 1 3' and interfere with each other. An inter- 
ference pattern which moves when alignment errors of 
the mask with respect to the substrate occur is then pro- 
duced at the location of this detection system. 

As is shown in Figs. 1 and 3, the chief rays of the 
beams b A and b/, which chief rays can be considered 
to be the axes of symmetry of the sub-beams formed by 
the substrate alignment marks P 2 and P 1t traverse the 
mask plate MA obliquely. A part of this mask plate at the 
location of the alignment mark fvl, in the form of a grating 
is shown on a larger scale in Fig. 4. This Figure also 
shows the chief rays ^'(+1) and ^'(-1) which are 
formed by the substrate alignment mark (not shown). 
The reference SA denotes the axis of symmetry of the 
sub-beams b^+1) and b/H), and the direction of this 
axis coincides, for example, with that of the zero-order 
sub-beam b-,'(0) which is blocked and does not reach 
the mark M v The sub-beams ^'(+1,0) and ^'(+1,-1) 
formed by the grating mark M A from the sub-beam b-,' 
(+1) and the sub-beams b^-1 ,0) and b-^-l ,+1 ) formed 
from the sub-beam b 1 , (-1 ) are captured by the detection 
system 131 (not shown). The sub-beams having differ- 
ent double diffraction orders may be either blocked or 
diffracted at such angles that they do not reach the de- 
tection system. 

As long as only the sub-beams b'(-1,0), b.,'(+1,-1), 
^'(+1,0) and b-,'(-1,+1) shown in Fig. 4 interfere with 
each other at the location of the detection system, the 
oblique position of the symmetry axis does not result in 
an alignment error. However, as the Applicant has dis- 
covered and as is shown in Fig. 5, a portion of the double 


order sub-beam ^'(+1 ,0) may be reflected by the upper 
side of the mask plate MA so that it is once more incident 
on the grating mark M v The three-fold order sub-beam 
^'(+1,0,-1) is then formed by this grating, which sub- 

5 beam has the same direction as the double order sub- 
beams ^'(-1,0) and b/f+VI). A portion of the double 
order sub-beam ,0) may also be reflected by the 
upper side of the mask plate so that it is once more in- 
cident on the grating mark M v This produces a three- 

10 fold order sub-beam b-, '(-1 ,0,+1 ) which has the same di- 
rection as the double order sub-beams ^'(+1 ,0) and b., ' 

H. +1). 

Although the mark bA, may also supply 3rd-order, 
5th-order and higher order beams and also higher order 
is reflections may occur in the mask plate, it is sufficient 
and better for the purpose of comprehension to use the 
two-fold and three-fold first-order diffracted sub-beams 
only. 

The sub-beam b-, '(+1,0,-1) has covered the path 
20 ABCD in the mask plate MA and the sub-beam b-,'(- 

I , 0,-*-1 ) has covered the path AEFG which is shorter 
than the path ABCD. Consequently, there is a phase dif- 
ference among the three-fold order sub-beams b-,' 
(+1,0,-1) and b/l-1,0,+1) and between these sub- 

25 beams and the corresponding double order sub-beams. 
As a result of this phase difference, which is mainly de- 
pendent on the thickness of the mask plate and the an- 
gle <(> between the axis of symmetry SA and the normal 
n on the mask plate, the interference pattern is displaced 

30 with respect to the detection system, which displace- 
ment is independent of alignment errors. As a result of 
this displacement, a so-called offset occurs in the align- 
ment signal and in the realised alignment of the mask 
with respect to the substrate, and the magnitude of this 

35 offset is dependent on the reflection coefficient and the 
thickness of the mask plate. For one projection appara- 
tus in which different masks are used this offset may be 
different for the different masks, while for one mask 
which is consecutively used in different projection appa- 

40 ratuses the offset in the different apparatuses may be 
different because the angle ((> may be different. 

Said offset is relatively large when using coherent 
alignment radiation as is supplied by a gas laser, but 
may also occur, though to a lesser extent when using 

46 less coherent or non-coherent alignment radiation as 
supplied by excimer lasers, semiconductor lasers or 
mercury lamps . 

In addition to the discovery of the cause of the align- 
ment errors, the present invention also provides a pos- 

50 sibility of eliminating these errors. 

This possibility of eliminating said alignment error, 
which possibility does not require any adaptation of the 
mask plate and can be used if the alignment radiation 
incident on the mask mark has an axis of symmetry 

55 which is the case, for example, if only two diffraction or- 
ders are incident on this mask, is to arrange a beam de- 
flection element between the projection lens system PL 
. and the mask plate MA, which element ensures that the 
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axis of symmetry of the sub-beams used is perpendic- 
ular to the mask plate, i.e. the chief rays of these having 
equal but opposite diffraction orders sub-beams are in- 
cident on the mask plate at equal but opposite angles. 

Fig. 6 shows the situation in which the first-order 
sub-beams b/H) and b/f+l), which originate from the 
substrate alignment mark P 1? are symmetrically incident 
on the mask alignment mark M-, . The portion of the sub- 
beams ^'(-1,0) which is reflected by the upper side of 
the mask plate and is reflected as a three-fold order sub- 
beam ^'(-I.O.+I) by the grating M 1 traverses the path 
HIK through the mask plate, which path is equally long 
as the path HI'K' traversed by the three-fold order sub- 
beam by (+1,0,-1), which sub-beam is formed from the 
part of the sub-beam b-,'(+1,0) reflected by the upper 
side of the mask plate. Then there is no longer any 
phase difference between the three-fold order sub- 
beams and the corresponding two-fold order sub- 
beams, whereby the cause of the alignment error de- 
scribed hereinbefore is eliminated. 

Fig. 7 shows an embodiment of a double alignment 
device in which the invention is used. Wedge-shaped 
elements WE-, and WE 2 are arranged under the mask 
alignment marks Iv^ and M 2 , which elements deflect the 
chief rays of the alignment beams b-,' and b-, from the 
substrate alignment marks P-, and P 2 in such a way that 
these chief rays are perpendicular to the mask plate MA. 
The alignment beams traverse the marks 1^ and M 2 in 
known manner and are subsequently directed towards 
the detection systems 13' and 13 by the reflectors 1V 
and 1 1 . The mask and the substrate can be aligned with 
respect to each other by means of the output signals of 
these systems, for example, by displacing the mask ta- 
ble MT, as is symbolically indicated by means of the dou- 
bleheaded arrow 70 and the parallelogram construction 
71 described in United States Patent no. 4,698,575. 

In the embodiment of Fig. 7 the alignment beams b 
and b' coming from two separate illumination systems 
IS-, and IS 2 each comprising a radiation source 1(1'), 
two lenses 60, 62 (60', 62') and an adjustable plane-par- 
allel plate 61 (6V) with which a precision adjustment of 
the direction of the beam b (b')can be realised. The lens- 
es 60 and 62 ensure that the quality of the image of the 
source 1 (V) is maintained. The beams b and b* are re- 
flected towards the substrate alignment marks P y and 
P 2 by a reflecting prism 26 which is present within the 
projection lens system. For the sake of simplicity only 
the lens group under the Fourier plane is diagrammati- 
cally illustrated by means of one lens element PL, in this 
projection lens system. 

As will be described hereinafter, the beam coupling 
prism 26 is preferably present at the height of the Fourier 
plane of the projection lens system. The angle O which 
must be corrected by the wedge is defined by: 


in which M-, -M 2 is the distance between the mask marks 
M-, and M 2 and EP is the distance between the mask 
plate MA and the exit pupil UP of the projection lens sys- 
tem at the side of the mask. In one embodiment of the 

s projection apparatus in which the distance between the 
marks M-, and M 2 is 96 mm and the distance EP is 400 
mm, the angle <D to be corrected is 120 mrad. This re- 
quires a wedge having a wedge angle <^ E of only 240 
mrad. Such a wedge may consist of a small piece of 

to glass having a thickness of only 2 mm. It is not neces- 
sary to impose strict requirements of mechanical and 
thermal stability on such a wedge. 

In the axial direction the wedge must be positioned 
in a stable manner with respect to the mask plate with 

15 an accuracy of 

M.Aa nm 


25 


<|>. mrad' 

20 Here M is the magnification of the projection lens system 
and Aa is the still admissible alignment error at the area 
of the substrate. In one embodiment with M = 5,Aa = 5 
nm and Q = 120 mrad the value of 


M.Aa 


= 120 nm. 


tan O = 


M r M 2 
~2£P 


It has been found that with such a wedge the measure- 
ment of the magnification error and the inspection 

30 which, as described in United States Patent 4,778,275 
can be carried out with the aid of the substrate marks 
P-, and P 2 and the mask marks M-, and M 2 , still function 
satisfactorily, provided that the distance between the 
mask marks M., and M 2 is considerably shorter than the 

35 distance EP in Fig. 7. 

Instead of a wedge, a different element such as, for 
example, a mirror or a lens may be used to correct the 
directions of the selected order sub-beams. 

In the projection apparatus according to the inven- 

40 tion a correction lens or another refractive correction el- 
ement is preferably arranged in the projection lens sys- 
tem, as has already been illustrated in Figs. 1 , 3 and 7, 
so as to correct for the difference between the wave- 
lengths of the projection beam and the alignment beam. 

45 Since the projection lens system PL is designed for 
the wavelength of the projection beam PB, which must 
be as small as possible in view of the desired large re- 
solving power, deviations occur when using this system 
PL for imaging the alignment marks P-,, P 2 and M-,, M 2 

so on each other by means of the alignment beam. For ex- 
ample, the substrate alignment marks P 1 , P 2 will not be 
imaged in the plane of the mask pattern in which the 
mask alignment marks are located, but will be imaged 
at a given distance therefrom, which distance depends 

55 on the difference between the wavelengths of the pro- 
jection beam and the alignment beam and on the differ- 
ence between the refractive indices of the material of 
the projection lens elements for the two wavelengths. If 
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the projection beam has a wavelength of, for example, 
248 nm and the alignment beam has a wavelength of 
633 nm, this distance may be as large as 2 m. Moreover, 
due to said wavelength difference a substrate alignment 
mark is imaged on a mask alignment mark with a mag- 
nification which deviates from the desired magnification, 
while the deviation increases with an increasing wave- 
length difference. 

To correct for said deviations, the projection column 
PL incorporates an extra lens, or correction lens 25. The 
correction lens is arranged at such a height in the pro- 
jection column that the sub-beams of the different dif- 
fraction orders of the alignment beam, which sub-beams 
are formed by a substrate alignment mark, are suffi- 
ciently separated in the plane of the correction lens so 
as to be able to influence these sub-beams separately, 
while this correction lens has a negligible influence on 
the projection beam and the mask image formed there- 
with. The correction lens is preferably situated in the 
Fourier plane of the projection lens system. If, as is 
shown in Figs. 3 and 7, the correction lens 25 is situated 
in a plane 24 in which the chief rays of the alignment 
beams b 1 and b^ intersect one another, this lens may 
be used for correcting the two alignment beams simul- 
taneously. 

The effect of the correction lens 25 can be explained 
with reference to Fig. 8 which shows the part of the ra- 
diation path of the alignment beams between the cor- 
rection lens and the substrate alignment mark P 2 . This 
mark is in the form of a diffraction grating. The alignment 
beam b incident on the grating P 2 is split into a zero- 
order sub-beam b(0) which has the same direction as 
the beam b in the case of perpendicular incidence of the 
beam b, two sub-beams b(+1), b(-1) of the first order 
and a number of pairs of sub-beams of the third, fifth, 
etc. orders. These sub-beams are reflected to the pro- 
jection lens system. The first-order sub-beams reach 
the correction lens 25 located in the plane 24. This lens 
has such a power that it changes the directions of the 
first-order sub-beams b(-1 ) and b(+1 ) in such a way that 
the chief rays of these beams intersect one another in 
the plane of the mask alignment mark M 2 . Moreover, the 
correction lens has such a small diameter that the higher 
order sub-beams which are deflected by the mark P 2 
through larger angles than the first-order sub-beams do 
not pass through this lens. Furthermore, an element is 
arranged at the correction lens, which element prevents 
the zero-order sub-beam b(0) from passing through the 
correction lens. In the embodiment of Fig. 8 this element 
is constituted by the reflecting prism 26 which is used to 
couple the alignment beams b and b' into the projection 
lens system. This prism reflects the zero-order sub- 
beam b(0) towards the incident alignment beam b. It is 
achieved by said measures that only the first-order sub- 
beams are used for imaging the grating P 2 on the grating 
M 2 so that some additional advantages are obtained. 

The zero-order sub-beam does not comprise infor- 
mation about the position of the grating P 2 . The intensity 


of this sub-beam may be considerable as compared with 
the intensity of the first-order sub-beams, dependent on 
the geometry of the grating, notably the depth of the 
grating grooves and the ratio between the width of these 
5 grooves and the width of the intermediate grating strips. 
By suppressing the zero-order sub-beam, the contrast 
in the image of P 2 can be increased considerably. Since 
the third and higher order sub-beams are suppressed, 
irregularities in the grating P 2 do not have any influence 
on the alignment signal. When using the first-order sub- 
beams only, the second harmonic of the grating P 2 is 
imaged, as it were, i.e. apart from the magnification M 
of the projection lens system PL, the image of P 2 has a 
period which is half that of the grating P 2 . If it is ensured 
that the grating period of the grating M 2 is equal to that 
of the image of P 2 , i.e. equal to m/2 times the grating 
period of the grating P 2 , the accuracy with which the 
gratings M 2 and P 2 are aligned is twice as large as in 
the case where the complete beam b is used for the im- 
aging. 

Under circumstances, particularly with a smaller dif- 
ference between the wavelengths of the projection 
beam PB and an alignment beam b, b' and when using 
achromatic lens elements in the projection lens system, 
it may occur that the sub-beams having diffraction or- 
ders which are higher than one still reach the mask 
alignment mark M 2 via the projection lens system. In this 
case a diaphragm plate 75 may be arranged in the plane 
of, or proximate to the correction lens 25 which passes 
the first-order sub-beams only. The material of the plate 
may be dichroic and transparent to the projection beam, 
but opaque to the alignment beam. Alternatively, the 
material of the plate 75 may be transparent to both the 
projection beam and to the alignment beam. Then re- 
gions blocking the radiation of the alignment beam are 
located at those positions where portions of the align- 
ment beam having diffraction orders which are higher 
than one reach the plate. These regions are small and 
they jointly cover only 5 to 10% of the surface area of 
the pupil of the projection lens system so that they have 
a negligible influence of the projection beam. 

The correction lens 25 does not only ensure that an 
alignment beam is sharply focused on the mask plane, 
but it can also correct for the magnification error with 
which a substrate alignment mark is imaged on a mask 
alignment mark, which magnification error is a result of 
the fact that the projection lens system is designed for 
the wavelength of the projection beam and not for that 
of an alignment beam. This magnification error correc- 
tion will be sufficient in many cases. In an apparatus in 
which a deep-ultraviolet beam having a wavelength of, 
for example, 248 nm is used as a projection beam, it 
may occur that the correction lens 25 cannot completely 
correct the magnification error. In this case an extra lens 
9 (Fig. 3) may be arranged in the path of the alignment 
beam between the projection lens system PL and the 
mask alignment mark so as to eliminate the residual 
magnification error. 
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The alignment of the alignment marks P 2 and M 2 in 
the X direction with the aid of the first-order sub-beams 
diffracted in the Y-Z plane has been described herein- 
before. When two-dimensional diffraction gratings are 
used, as is shown in Fig. 2, sub-beams having the same s 
diffraction orders as in the X-Z plane are also produced 
in the Y-Z plane. The first-order sub-beams of the first- 
mentioned sub-beams can be filtered out and used for 
alignment in the Y direction. The same deflection prisms 
WE 1 and WE 2 and the same correction lens as for the 
X alignment can then be used. 

The invention may not only be used in an apparatus 
having a double alignment device and a refractive cor- 
rection element 25, but also in a double alignment de- 
vice without this element, such as the device described 
in US Patent 4,778,275. The invention may be further 
used in a single alignment device including a correction 
element 25 or without this element, such as the device 
described in US Patent 4,251 ,160. 

Moreover, the invention may be used in a projection 
apparatus in which a mask alignment mark and a sub- 
strate mark are not directly aligned on each other but 
through a reference alignment mark. Fig. 9 shows dia- 
grammatically an embodiment of such an apparatus. In 
this apparatus an alignment beam b illuminates the 
mask alignment mark M 2 and a juxtaposed window 81 
in the mask MA via a partly reflecting element 80, for 
example, a partly transparent mirror. The mask align- 
ment mark M 2 reflects alignment radiation towards the 
reference alignment mark M R . This radiation images the 
mark M 2 on the mark M R , while only the sub-beams 
which are diffracted in the first orders by the mark M 2 
participate in the projection. To this end, a Fourier lens 
system may be used, which system comprises a first 
Fourier transform lens 82 in the focal plane of which a 
filter plate 84 is arranged, and a second Fourier trans- 
form lens 83 whose focal plane coincides with the plane 
of the filter plate 84. The first lens 82 focuses the beam 
portion b r on the filter plate which passes only the first- 
order sub-beams. The second lens 83 forms an image 
of the mark M 2 on a first portion of the reference align- 
ment mark M R . This portion and the superposed image 
of M 2 are imaged by a lens 85 on a first detector 86. 

The alignment beam portion b w passing through the 
window 81 illuminates the substrate alignment mark P 2 
via the projection lens system PL. This system, which 
may include a correction element 25, images the mark 
P 2 in the plane of the mark M 2 , while only the first-order 
sub-beams are used. The beam portion b w then passes 
through the lens 82, the filter plate 84 and the lens 83 
in an analogous way as the reflected beam portion b r , 
so that the mark P 2 is imaged on a second portion of the 
reference mark M R . This portion and the superposed im- 
age of P 2 are imaged by the lens 85 on a second detec- 
tor 87. By comparing, for example, the phases of the 
output signals of the detectors, the extent of mutual 
alignment of the marks M 2 and P 2 can be determined in 
a manner analogous to that described in United States 


Patent 3,811,779. 

According to the invention a wedge WE 2 , or another 
beam deflecting element, is arranged in the radiation 
path of the beam b w reflected by the substrate and prox- 
imate to the mask plate MA, which wedge ensures that 
the axis of symmetry of this beam is perpendicular to 
the mask plate. Although there is no alignment mark in 
the mask plate at the location of the beam b w , so that 
no three-fold order sub-beams are formed, extra sub- 
beams may be produced due to extra reflections on the 
plate surfaces, which sub-beams may exhibit mutual 
phase differences when they are not perpendicularly in- 
cident on the axis of symmetry so that an erroneous 
alignment signal would be obtained. Since it has been 
ensured that the axis of symmetry of the beam b w is per- 
pendicular to the mask plate, this effect is avoided. 

Fig. 10 shows diagrammatically another possibility 
of indirectly aligning a mask alignment mark and a sub- 
strate alignment mark with respect to each other, in 
which method an artificial alignment mark instead of a 
physical alignment mark is used as the third mark. This 
third mark consists of an interference pattern IP formed 
by two beams b a and b b which interfere with each other 
in the plane of the mask alignment mark Mg. The prin- 
ciple of using an interference pattern for aligning a sub- 
strate alignment mark and a mask alignment mark with 
respect to each other is described in the article "Heter- 
odyne Holographic Nanometer Alignment for a Wafer- 
stepper" in "Microcircuit Engineer" Program and Ab- 
stracts Cambridge (GB), 28 September 1989. 

The upper inset in Fig. 10 shows the interference 
pattern IP which is superposed on the mask alignment 
mark M 2 implemented as a reflective grating. This grat- 
ing deflects the incident radiation in different diffraction 
orders towards a first detector 92. A filter 91 passing 
only the first-order sub-beams is arranged in front of this 
detector. The output signal of the detector 92 represents 
the position of the mark M 2 with respect to the interfer- 
ence pattern IP. 

Next to the mark M 2 the mask MA has a window 94 
passing radiation from the interfering beams b a and b b 
to the projection lens system PL. This system re-images 
the interference pattern IP on the substrate alignment 
mark P 2 , as is shown in the lower inset in Fig. 10. The 
mark P 2 implemented as a reflective grating deflects the 
incident radiation in a plurality of reflected diffraction or- 
ders. The reflected radiation reaches a second detector 
97 via the projection lens system and a partially trans- 
parent prism 95. According to the present invention a 
wedge-shaped or other radiation deflection element is 
arranged in the radiation path of the interfering beams 
b a and b b , which wedge ensures that the axis of sym- 
metry of the radiation is perpendicular to the mask plate. 
A filter 96 for selecting the first-order sub-beams may 
be arranged between the detector 97 and the prism 95. 

Analogously as is shown in Figs. 1 and 7, it is alter- 
natively possible to arrange a reflector 26 below the cor- 
rection element 25, which reflector reflects the first-or- 
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der sub-beams to the right so that these beams can 
leave the projection lens via a window in the wall of the 
projection lens holder, as is denoted by the broken-line 
ray. 

The beams b a and b b may be modulated beams, 
with the modulation frequency for the two beams being 
different. The interference pattern which is then formed 
varies with time so that it is simulated that the interfer- 
ence pattern moves across the mask alignment mark 
and across the substrate alignment mark, which results 
in periodically varying alignment signals. The difference 
between the phases of the output signals of the detec- 
tors 92 and 97 is then representative of the extent to 
which the marks M 2 and P 2 are mutually aligned. 

Fig. 11 shows an embodiment of the alignment de- 
vice in which a mask alignment mark, or M 2 , or a 
substrate alignment mark, or P 2 , is imaged by the 
projection lens system and with the aid of the first-order 
sub-beams b(+1) and b(-1) which are formed by the 
mask alignment mark from the entering beam b. As in 
the other embodiments, these sub-beams traverse the 
projection lens obliquely. In order to cause the beam b 
to be incident perpendicularly to the mask plate MA via 
the prism 100 under this condition, so that extra reflec- 
tions on this plate do not have any influence on the align- 
ment signal obtained, a wedge-shaped or other deflec- 
tion element WE according to the invention is arranged 
below the mask plate. The portions of the sub-beams b 
(+1 ) and b(-1 ) which are reflected by the substrate align- 
ment mark P 1 and diffracted in the -1 order and the +1 
order, respectively, i.e. the two-fold order sub-beams b 
(+1,-1) and b(-1,+1) have the same direction which is 
opposite to the direction of the zero-order sub-beam b 
(0) from the mark M-,, which beam is not passed. The 
sub-beams b(+1 ,-1 ) and b(-1 ,+1 ), which comprise infor- 
mation about the mutual position of the marks and 
are reflected to the detection system 101 by the re- 
flector 26. 

The alignment devices according to Figs. 9, 10 and 
11 may alternatively be doubled. 

Generally, a double alignment system is preferred 
because the relative angle orientation of the mask pat- 
tern and the substrate is directly laid down optically, 
while magnification errors of the projection lens system 
as well as deformations in the substrate and the mask 
can be measured. 

The accuracy with which the substrate alignment 
marks can be aligned with respect to the mask align- 
ment marks is considerably enhanced by modulating 
the output signals of the detectors, for example, 1 3 and 
13' in Figs. 1, 3 and 7, with a fixed frequency. To this end 
the mask M and hence, for example, the mask mark (V^ 
can be periodically moved, as has been described in the 
article in "SPIE", Vol. 470 "Optical Microlithography" III 
"Technology for the next Decade" 1984, pp. 62-69. A 
better alternative for obtaining a dynamic alignment sig- 
nal, described in United States Patent no. 4,251,160, 
with which the accuracy of the alignment device accord- 


ing to the invention can also be enhanced is shown in 
Fig. 3. 

Before reaching the mark M 2 , the beam has tra- 
versed the polarization-sensitive splitting prism 2 so that 

5 this beam is linearly polarized and has a given direction 
of polarization. Subsequently, the beam b t traverses a 
plate 8 of birefringent material, for example, quartz 
whose optical axis extends at an angle of 45° to the di- 
rection of polarization of the beam leaving the prism 2. 

10 The element 8 may also be a Savart plate or a Wollaston 
prism. Two mutually perpendicularly polarized beams 
leave the plate 8, which beams are shifted with respect 
to each other at the location of the mask mark IV^ over 
a given distance which is determined by the geometry 

15 of the mark M 2 . When using gratings as alignment 
marks, said distance is equal to half the grating period 
of the grating M 2 . A polarization modulator 18 and a po- 
larization analyser 1 9 are arranged in front of the detec- 
tor 13. The modulator 18, for example, an elasto-optical 

20 modulator is controlled by a voltage V B which is supplied 
by a generator 20. The direction of polarization of the 
beam passing through the modulator is thereby 
switched alternately through 90°. The analyser 19 has 
the same main direction, or pass direction, as the polar- 

25 ization-sensitive splitting prism 2 so that alternately a 
first radiation beam having a first direction of polariza- 
tion, which beam has formed, for example, a non-shifted 
image of P 2 on M 2 , and a second radiation beam having 
a second direction of polarization, which beam has 

30 formed, for example, an image of P 2 on M 2 shifted over 
half a grating period, are passed to the detector 1 3. The 
signal of the detector 13 is amplified and processed in 
a phase-sensitive detection circuit 21 to which also the 
signal V B is applied. The output signal S A is the desired 

35 dynamic alignment signal. 

The modulator 1 8 and analyser 1 9 may alternatively 
be arranged in the radiation path in front of the mask 
alignment mark. 

The fact that the alignment marks are diffraction 

40 gratings in the embodiments described does not mean 
that the invention is limited thereto. Also when aligning 
with marks in the form of radiation-transparent or reflect- 
ing strips, crosses or squares, a deflection element ac- 
cording to the invention may be used to image these 

45 marks in the correct position and with the desired mag- 
nification so that no interference signals or offsets are 
produced. 

Apart from alignment devices in which two sub- 
beams having the same diffraction order number, for ex- 

50 ample, +1 and -1, or +3 and -3 are used, the invention 
may also be used in alignment devices which do not em- 
ploy sub-beams having a given diffraction order but 
beam portions in which diffraction orders can no longer 
be distinguished. An example is an alignment device in 

55 which a so-called dark field illumination is used. Such a 
device is described in the article "Optical Step and Re- 
peat Camera with Dark Field Automatic Alignment" in 
Journal of Vac. Sci. Technologies, November/Decem- 
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be r 1979, pp. 1929-33 and in the article "Dark Field 2. 
Technology: a Practical Approach to Local Alignment" 
jn "SPfE", Vol. 772, Optical Microlithography VI, 1987, 
pp. 1 42-9. A wedge-shaped or other deflection element 
ca n also be arranged proximate to a mask alignment s 
mark in these devices. 

Since the described alignment device operates in- 3. 
dependency of the kind of pattern C which is present in 
the mask M, the invention may be used whenever a very 
fine, detailed pattern must be transferred onto a sub- 10 
strate and when this pattern must be aligned very accu- 
rately with respect to the substrate. Examples are ap- 
paratuses which are used for the manufacture of inte- 
grated optical systems or of magnetic domain memo- 
ries. The apparatus with which a pattern is projected is 
n eed not be a repetitive projection apparatus. The in- 
vention may also be useful in an apparatus in which a 
pattern is projected on a substrate only once. 

4. 

20 

Claims 

1 . An apparatus for projecting a pattern (C) of a mask 
(MA) on a substrate (W), which apparatus succes- 
sively comprises an illumination system for (LA, LS, 25 
RE, CO) supplying a projection beam (PB), a mask 
holder (MT), a projection lens system (PL) and a 
substrate holder (WT) and which further comprises 
a device (AS 1 ; AS 2 ) for aligning the mask (MA) with 
respect to the substrate (W) by means of a sub- 30 
strate alignment mark (P.,; P 2 ) and a mask align- 5. 
ment mark (M-,; M 2 ), said device comprising a radi- 
ation source ( 1 ; 1 ') supplying an alignment beam (b; 
b'), the projection lens system (PL) and a radiation- 6. 
sensitive detection system (13; 13') in the path of 35 
selected alignment beam portions (^'(+1,0), b-,' 
(-1.+1), b/H.O), ^'(+1,-1)) which have been in in- 
teraction with a first alignment mark (M 1 ; M 2 ; P-| ; P 2 ; 
l p ), including a mask alignment mark or a substrate 7. 
alignment mark and a second alignment mark (M-, ; 40 
M 2 ; P-,; P 2 ; l p ), including a substrate alignment mark 
or a mark alignment mark on which second align- 
ment mark the first alignment mark is imaged, the 
output signal of the detection system (1 3, 1 3') being 
a measure of the mutual position of the alignment 45 
marks, characterized in that, in order to prevent 
phase differences due to reflections at a mask plate 
(MA) from occurring within the selected alignment 8. 
beam portions received by the detection system, a 
direction-corrective element (WE^ WE 2 ) is ar- so 
ranged in the vicinity of a mask alignment mark (M 1 , 
M 2 ) for changing the direction of the axis of symme- 
try of selected alignment beam portions (^'(+1,0), 
b/t-1, +1),b 1 '(-1,0),b 1 *(+1,-1)) so that this axis be- 
comes principally perpendicular to the plane of the ss 
mask plate (MA), said direction corrective element 
being considerably smaller than the cross-section 9. 
of the projection beam (PB) in the plane said plate. 


An apparatus as claimed in Claim 1 , characterized 
in that the direction-corrective element is constitut- 
ed by a wedge-shaped body (WE 1 ; WE 2 ) of a ma- 
terial which is transparent to the alignment beam (b; 
b')- 

An apparatus as claimed in Claim 1 , which in addi- 
tion to said device (AS-,) for aligning a first mask 
alignment mark (M 2 ) with respect to a substrate 
alignment mark (P 2 ) comprises a second device 
(AS 2 ) for aligning a second mask alignment (M.,) 
mark with respect to a substrate alignment (P.,) 
mark by means of a second alignment beam (b 1 ), 
characterized in that a second direction-corrective 
element (WE-, ) is arranged in the path of the second 
alignment beam (b') and in the vicinity of a second 
mask alignment mark (M.,). 

An apparatus as claimed in Claim 1 , 2 or 3, charac- 
terized in that a refractive correction element (25) 
is arranged in the path of an alignment beam (b-, , 
b') and in the projection lens system (PL), which el- 
ement is considerably smaller than the cross-sec- 
tion of the projection lens system in the plane of said 
element, and which only directs and focuses the se- 
lected alignment beam portions (^'(+1,0), b' 
(-1 , +1 ), ^ ' (-1 ,0), ^'(+1,-1 )) from the first alignment 
mark (M-,; M 2 ; P-,; P 2 ; l p ) on the second alignment 
mark (M-,; M 2 ; P.,; P 2 ; l p ). 

An apparatus as claimed in Claim 4, characterized 
in that the correction element is a lens (25). 

An apparatus as claimed in Claim 4 or 5, character- 
ized in that the correction element (25) is arranged 
in the Fourier plane (24) of the projection lens sys- 
tem (PL). 

An apparatus as claimed in Claim 1 , 2, 3, 4, 5 or 6, 
characterized in that the first alignment mark is a 
substrate alignment mark (P.,; P 2 ) and the second 
alignment mark is a mask alignment mark (M 1 ; M 2 ), 
and in that the direct ion -corrective element (WE-,; 
WE 2 ) is arranged in the path of the alignment radi- 
ation (b-,'; b-,) coming from the substrate alignment 
mark P^ P 2 . 

An apparatus as claimed in Claim 1 , 2, 3, 4, 5 or 6, 
characterized in that the first alignment mark is a 
mask alignment mark (M-,; M 2 ) and the second 
alignment mark is a substrate alignment mark (P-,; 
P 2 ), and in that the direct ion -corrective element 
(WE., ; WE 2 ) is arranged in the path of the alignment 
radiation (b) coming from the mask alignment mark 
(M 1; M 2 ). 

An apparatus as claimed in Claim 1 , 2, 3, 4, 5 or 6, 
characterized in that the second alignment mark is 
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a reference alignment mark (l p ) which is located 
outside the substrate (W) and outside the mask, 
(M) , and in that both a substrate alignment mark 
(P-il p 2> and a mask alignment mark (M.,; M 2 ) con- 
stitute first alignment marks which are each imaged 5 
on the reference alignment mark. 

10. An apparatus as claimed in Claim 1 , 2, 3, 4, 5 or 6, 
characterized in that the radiation source of the 
alignment device supplies two radiation beams (ba, io 
bb) which form an interference pattern (l p ) in the 
plane of a substrate alignment mark (P.,; P 2 ) and in 

the plane of a mask, alignment mark (M-,; M 2 ), in 
that the first alignment mark is constituted by the 
interference pattern (l p ) and in that both the sub- is 
strate alignment mark and the mask alignment mark 
are second alignment marks. 

11. An apparatus as claimed in Claims 1-10, character- 
ized in that a substrate alignment mark (P.,; P 2 ) is 20 
constituted by a phase diffraction grating and a 
mask alignment mark (M-,; M 2 ) is constituted by an 
amplitude diffraction grating. 

2. 

1 2. An apparatus as claimed in Claims 1-11, character- 25 
ized in that means ( 18; 18') controlled by periodical 
signals (VB) are arranged in the radiation path of an 
alignment beam (b'; b^) for periodically displacing 
with respect to each other a second alignment mark 

(M-, ; M 2 ) and the image on said mark of a first align- 30 3. 
ment mark (P-, ; P 2 ) observed by the detection sys- 
tem (13'; 13). 


Patentanspruche 35 

1. Vorrichtungzum Projizieren eines Musters (C) einer 
Maske (MA) auf ein Substrat (W), wobei diese Vor- 
richtung nacheinander die nachfolgenden Elemen- 
te aufweist: ein Beleuchtungssystem (LA, LS, RE, *o 
CO) zum Liefern eines Projektionsstrahls (PB), eine 
Maskenhalterung (MT), ein Projektionslinsensy- 
stem (PL) und eine Substrathalterung (WT) und wo- 4. 
bei diese Vorrichtung weiterhin mit einer Einrich- 
tung (AS-,; AS 2 ) zum gegenuber einander Ausrich- 45 
ten der Maske (MA) und des Substrats (W) mit Hilfe 
eines Substratausrichtmerkmals (P.,; P 2 ) und eines 
Maskenausrichtmerkmals (M.,; M 2 ) versehen ist, 
wobei diese Einrichtung die nachfolgenden Ele- 
mente aufweist: eine ein Ausrichtbundel (b; b') lie- so 
ferende Strahlungsquelle (1 ; 1 '), das Projektionslin- 
sensystem (PL) und ein strahlungsempfindliches 
Detektionssystem (13; 13') in der Strecke selektier- 
ter Ausrichtbundelteile {b^^tf), b^-l.+l), b^ 
(-1,0), b 1 '(+1,-1)), die mit einem ersten Ausricht- ss 5. 
merkmal (M-,; M 2 ; P.,; P 2 ; l p ) in Interaktion gewesen 
sind, mit einem Maskenausrichtmerkmal Oder mit 
einem Substratausrichtmerkmal, und die mit einem 


zweiten Ausrichtmerkmal (M-,; M 2 ; P^ P 2 ; l p ) in In- 
teraktion gewesen sind, mit einem Substrataus- 
richtmerkmal oder einem Maskenausrichtmerkmal, 
wobei auf dem zweiten Ausrichtmerkmal das erste 
Ausrichtmerkmal abgebildet wird, wobei das Aus- 
gangssignal des Deketionssystems (13, 13') ein 
MaB fur die gegenseitige Lage der Ausrichtmerk- 
male ist, dadurch gekennzeichnet, daB zur Verhu- 
tungdavon, daB Phasendifferenzen durch Reflexio- 
nen an einer Maskenplatte (MA) innerhalb der von 
dem Detektionssystem empfangenen, selektierten 
Ausrichtbundelteile auftreten, in der Nahe eines 
Maskenausrichtmerkmals (M-,, M 2 ) ein Richtungs- 
korrekturelement (WE^ WE 2 ) vorgesehen ist zum 
Andern der Richtung der Symmetrieachse selek- 
tierter Ausrichtbundelteile (by(+1,0), b^-l.+l). by 
(-1,0), ^'(+1,-1)), so daB diese Achse im Grunde 
senkrecht auf der Ebene der Maskenplatte (MA) 
steht, wobei dieses Richtungskorrekturelement we- 
sentlich kleiner ist als der Durchmesser des Projek- 
tionsbundels (PB) in der Ebene der genannten Plat- 
te. 

Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet, daB das Richtungskorrekturelement 
durch einen keilformigen korper (WE^ WE 2 ) aus ei- 
nem Material gebildet ist, das fur das Ausrichtbun- 
del (b; b') transparent ist. 

Vorrichtung nach Anspruch 1, die nebst der ge- 
nannten Einrichtung (AS-,) zum Ausrichten eines er- 
sten Maskenausrichtmerkmals (M 2 ) gegenuber ei- 
nem Substratausrichtmerkmal (P 2 ) eine zweite Ein- 
richtung (AS 2 ) aufweist zum Ausrichten eines zwei- 
ten Maskenausrichtmerkmals (M.,) gegenuber ei- 
nem Substratausrichtmerkmal (P 1 ) mit Hilfe eines 
zweiten Ausrichtbundels (b') } dadurch gekenn- 
zeichnet, daB das zweite Richtungskorrekturele- 
ment (WE-,) in der Strecke des zweiten Ausricht- 
bundels (b*) und in der Nahe eines zweiten Masken- 
ausrichtmerkmals (M^ vorgesehen ist. 

Vorrichtung nach Anspruch 1 , 2 oder 3, dadurch ge- 
kennzeichnet, daB in der Strecke eines Ausricht- 
bundels (b-,, b') und in dem Projektionslinsensy- 
stem (PL) ein refraktives Korrekturelement (25) vor- 
gesehen ist, das wesentlich kleiner ist als derQuer- 
schnitt des Projektionslinsensystems in der Ebene 
des genannten Elementes, und das nurdievon dem 
ersten Ausrichtmerkmal (M^ M 2 ; P^ P 2 ; l p ) herrOh- 
renden, selektierten Ausrichtbundelteile (by (+1,0), 
byH.+l), bVH.O), bt'f+l.-l)) richtet und auf das 
zweite Ausrichtmerkmal fokussiert. 

Vorichtung nach Anspruch 4, dadurch gekenn- 
zeichnet, daB das Korrekturelement eine Linse (25) 
ist. 
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6. Vorrichtung nach Anspruch 4 oder 5 t dadurch ge- 
kennzeichnet, daB das Korrekturelement (25) in der 
Fourier-Ebene (24) des Projektionslinsensystems 
(PL) vorgesehen ist. 

5 

7. Vorrichtung nach Anspruch 1 , 2, 3, 4, 5 oder 6, da- 
durch gekennzeichnet, da3 das erste Ausricht- 
merkmal ein Substratausrichtmerkmal (P-,; P 2 ) ist 
und das zweite Ausrichtmerkmal ein Maskenaus- 
richtmerkmal (M-,; M 2 ) ist und daB das Richtungs- 10 
koerrekturelement (WE^ WE 2 ) in der Strecke der 
Ausrichtstrahlung (B/; b-,) von dem Substrataus- 
richtmerkmal (P-,; P 2 ) herruhrend vorgesehen ist. 


8. Vorrichtung nach Anspruch 1 , 2, 3, 4, 5 oder 6, da- is 
durch gekennzeichnet, daft das erste Ausricht- 
merkmal ein Maskenausrichtmerkmal (M.,; M 2 ) ist 
und das zweite Ausrichtmerkmal ein Substrataus- 
richtmerkmal (P^ P 2 ) ist und daB das Richtungs- 
korrekturelement (WE-,; WE 2 ) in der Strecke der 20 
Ausrichtstrahlung (b) herruhrend von dem Masken- 
ausrichtmerkmal (M^ M 2 ) vorgesehen ist. 

9. Vorrichtung nach Anspruch 1 , 2, 3, 4, 5 oder 6, da- 
durch gekennzeichnet, daB das zweite Ausricht- 25 
merkmal ein Bezugsausrichtmerkmal (l p ), das au- 
Berhalb des Substrats (W) und auBerhalb der Mas- 

ke (M) liegt, und daB ein Substratausrichtmerkmal 
( p ii P2) und ein Maskenausrichtmerkmal (M-,; M 2 ) 
je ein erstes Ausrichtmerkmal bilden, die je auf dem 30 
Bezugsausrichtmerkmal abgebildet werden. 

10. Vorrichtung nach Anspruch 1 , 2, 3, 4, 5 oder 6, da- 
durch gekennzeichnet, daB die Strahlungsquelle 
der Ausrichteinrichtung zwei Strahlungsbundel (ba, 35 
bb) liefert, wobei diese Bundel in der Ebene eines 
Substratausrichtmerkmals (P-,; P 2 ) und in der Ebe- 
ne eines Maskenausrichtmerkmals (M 1 ; M 2 ) ein In- 
terferenzmuster (l p ) bilden, daB das erste Ausricht- 
merkmal durch das Interferenzmuster (l p ) gebildet 40 
wird und daB das Substratausrichtmerkmal und das 
Maskenausrichtmerkmal je ein zweites Ausricht- 
merkmal sind. 

11. Vorrichtung nach Anspruch 1-10, dadurch gekenn- 45 
zeichnet, daB ein Substratausrichtmerkmal (P-,; P 2 ) 
durch ein Phas end iff raktions raster und ein Masken- 
ausrichtmerkmal durch ein Am pi it udend iff rakt ions- 
raster gebildet wird. 

so 

12. Vorrichtung nach Anspruch 1 - 11, dadurch gekenn- 
zeichnet, daB in der Strahlungsstrecke eines Aus- 
richtbundels (b*; b-,') durch periodische Signale (VB) 
gesteuerte Mittel vorgesehen sind zum periodi- 
schen gegenuber einander Verlagern eines von 55 
dem Detektionssystem (13'; 13) detektierten zwei- 

ten Ausrichtmerkmals (M-,; M 2 ) und der Abbildung 
eines ersten Ausrichtmerkmals (P-j; P 2 ) auf diesem 


Merkmal. 


Revendications 

1. Appareil pour projeter un motif (C) d'un masque 
(MA) sur un substrat (W), lequel appareil comprend 
successivement un systeme d'6clairage (LA, LS, 
RE, CO) fournissant un faisceau de projection (PB), 
un porte-masque (MT), un systeme de lentilles de 
projection (PL) et un port e -substrat (WT), et qui 
comprend en outre un dispositif (AS^ AS 2 ) pour ali- 
gner le masque (MA) par rapport au substrat (W) 
au moyen d'un repere d'alignement de substrat (P-, ; 
P 2 ) et d'un repere d'alignement de masque (M-,; 
M 2 ), ledit dispositif comprenant une source de 
rayonnement (1; V) fournissant un faisceau d'ali- 
gnement (b; b'), le systeme de lentilles de projection 
(PL) et un systeme de detection sensible aux rayon- 
nements (1 3; 1 3 f ) dans le trajet des parties de fais- 
ceau d'alignement selectionnees (b-,'(+1,0), b-j'H, 
+1), b-jX-I.O), b-j't+VI)) qui ont et6 en interaction 
avec un premier repere d'alignement (M-,; M 2 ; P-,; 
P 2 ; l p ), comprenant un repere d'alignement de mas- 
que ou un repere d'alignement de substrat, et un 
deuxieme repere d'alignement (M-,; M 2 ; P-,; P 2 ; l p ), 
comprenant un repere d'alignement de substrat ou 
un repere d'alignement de masque, deuxieme re- 
pere d'alignement sur lequel le premier repere d'ali- 
gnement est mis en image, le signal de sortie du 
systeme de detection (1 3, 1 3') etant une mesure de 
la position reciproque des reperes d'alignement, ca- 
racterise en ce que, afin d'empecher que des diffe- 
rences de phase dues aux reflexions au niveau 
d'une plaque de masque (MA) ne se produisent h 
I'interieur des parties de faisceau d'alignement se- 
lectionnees recues par le systeme de detection, un 
element correcteur de direction (WE-, ; WE 2 ) est dis- 
pose a proximite d'un repere d'alignement de mas- 
que (M-, , M 2 ) en vue de modifier la direction de I'axe 
de symetrie des parlies de faisceau d'alignement 
selectionnees (^'(+1,0), b^-l.+l), ^'(-1,0), b/ 
(+1,-1)) de sorte que cet axe devienne principale- 
ment perpendiculaire au plan de la plaque de mas- 
que (MA), ledit element correcteur de direction 
etant beaucoup plus petit que la section transver- 
sale du faisceau de projection (PB) dans le plan de 
ladite plaque. 

2. Appareil suivant la revendication 1, caracterise en 
ce que Pelement correcteur de direction est consti- 
tue par un corps en forme de coin (WE^ WE 2 ) d'un 
materiau transparent au faisceau d'alignement (b; 
b'). 

3. Appareil suivant la revendication 1, qui, outre ledit 
dispositif (AS-,) pour aligner un premier repere d'ali- 
gnement de masque (M 2 ) par rapport k un repere 
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d'alignement de substrat (P 2 ), comprend un deuxie- 
me dispositif (AS 2 ) pour aligner un deuxieme repere 
(M^ d'alignement de masque par rapport a un re- 
pere (P-,) d'alignement de substrat au moyen d'un 
deuxieme faisceau d'alignement (b'), caracterise en s 
ce qu'un deuxieme Element correcteur de direction 
(WE-,) est dispose dans le trajet du deuxieme fais- 
ceau d'alignement (b') et dans le voisinage d'un 
deuxieme repere d'alignement de masque (M-,). 

10 

4. Appareil suivant la revendication 1 , 2 ou 3, carac- 
terise en ce qu'un element correcteur r£f ringent (25) 
est dispose dans le trajet d'un faisceau d'aligne- 
ment (b t , b') et dans le systeme de lentilles de pro- 
jection (PL), lequel element est beaucoup plus petit is 
que la section transversale du systeme de lentilles 

de projection dans le plan dudit element, et dirige 
et focalise uniquement les parties de faisceau d'ali- 
gnement (^'(+1,0), b^-1,+1), ^'(-1,0), ^'(+1,-1)) 
du premier repere d'alignement (M 1 ;M 2 ;P 1 ;F*2»'p) 20 
sur le deuxieme repere d'alignement (M-,; M 2 ; P^ 

p 2 ;i p ) 

5. Appareil suivant la revendication 4, caracterise en 

ce que reiement correcteur est une lentille (25). 2$ 

6. Appareil suivant la revendication 4 ou 5, caracterise 
en ce que reiement correcteur (25) est dispose 
dans le plan de Fourier (24) du systeme de lentilles 

de projection (PL). so 

7. Appareil suivant la revendication 1, 2, 3, 4, 5 ou 6, 
caracterise en ce que le premier repere d'aligne- 
ment est un repere d'alignement de substrat (P^ 

P 2 ) et le deuxieme repere d'alignement est un re- 35 
pere d'alignement de masque (M-, ;M 2 ), et en ce que 
reiement correcteur de direction (WE.,; WE 2 ) est 
dispose dans le trajet du rayonnement d'alignement 
(b-,'; b-,) provenant du repere d'alignement de subs- 
trat P-,;P 2 . 40 


miers reperes d'alignement chacun mis en image 
sur le repere d'alignement de reference. 

10. Appareil suivant la revendication 1, 2, 3, 4, 5 ou 6, 
caracterise en ce que la source de rayonnement du 
dispositif d'alignement fournit deux faisceaux de 
rayonnement (ba, bb) qui forment une figure d'in- 
terference (l p ) dans le plan d'un repere d'alignement 
de substrat (P^ ; P 2 ) et dans le plan d'un repere d'ali- 
gnement de masque (M-,; M 2 ), en ce que le premier 
repere d'alignement est constitue par la figure d'in- 
terference (l p ) et en ce que le repere d'alignement 
de substrat et le repere d'alignement de masque 
sont tous les deux des deuxiemes reperes d'aligne- 
ment. 

11. Appareil suivant les revendications 1 a 10, caracte- 
rise en ce qu'un repere d'alignement de substrat 
(P^ P 2 ) est constitue par un reseau de diffraction 
de phase et en ce qu'un repere d'alignement de 
masque (M-,; M 2 ) est constitue par un r6seau de dif- 
fraction d'amplitude. 

12. Appareil suivant les revendications 1 a 11 , caracte- 
rise en ce les moyens (1 8; 1 8') commandes par des 
signaux periodiques ( VB) sont disposes dans le tra- 
jet de rayonnement d'un faisceau d'alignement (b'; 
b^) pour deplacer de maniere periodique I'un par 
rapport a I'autre un deuxieme repere d'alignement 
(M^ M 2 ) et I'image sur ledit repere d'un premier re- 
pere d'alignement (P-, ; P 2 ) observee par le systeme 
de detection (13'; 13). 


8. Appareil suivant la revendication 1 , 2, 3, 4, 5 ou 6, 
caracterise en ce que le premier repere d'aligne- 
ment est un repere d'alignement de masque (M^ 

M 2 ) et le deuxieme repere d'alignement est un re- 45 
pere d'alignement de substrat (P 1 ;P 2 ), et en ce que 
reiement correcteur de direction (WE.,;WE 2 ) est 
dispose dans le trajet du rayonnement d'alignement 
(b) provenant du repere d'alignement de masque 
(M 1 ;M2). so 

9. Appareil suivant la revendication 1 , 2, 3, 4, 5 ou 6, 
caracterise en ce que le deuxieme repere d'aligne- 
ment est un repere d'alignement de reference (l p ) 
localise a I'exterieur du substrat (W) et a I'exterieur 55 
du masque (M), et en ce que un repere d'alignement 

de substrat (P^ P 2 ) et un repere d'alignement de 
masque (M-, ; M 2 ) constituent tous les deux des pre- 
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